With an increasing number of spinal operations -more and more complex -being performed, there is mounting awareness of the effects of blood loss on the patients' outcomes. From the most simplistic standpoint, greater blood loss means greater transfusion needs, exposure to more blood products and the potential for disease transmission or transfusion reactions. Significant blood loss also results in greater fluid shifts, which can affect cardiac, pulmonary and renal status, or even, in the extreme example, lead to transfusion-related acute lung injury (TRALI) [25]. Increasing data suggests that blood products may impair the immune system and, therefore, increase the infection rate after surgery [5, 19, 28]. A significant blood loss can lead to coagulopathy or even disseminated intravascular coagulation (DIC), which may lead to postoperative hematoma and potential neurologic compromise or increase the risk of infection.
needs decompression, laminectomy can result in epidural bleeding.
Adult patients have stiffer spines than children and adolescents, and they can have arthritic facet joints that may require osteotomy. These osteotomies will increase the bleeding from exposed bone. Adults are more likely to need more vertebral segments fused, especially in deformity surgery, since their compensatory curves may have become structural and may require inclusion to maintain truncal balance. Adult spine patients also have a higher rate of revision surgery, which has a greater risk of increased bleeding [31] .
Intraoperative management from the anesthesiologist's standpoint can be challenging. While controlled hypotension can be used in many pediatric cases, adults with medical comorbidities such as hypertension, cardiac or carotid disease often cannot tolerate decreased perfusion to critical organs. Some patients have taken analgesics such as non-steroidal antiinflammatories, which can decrease platelet function if not discontinued a week or two prior to surgery. Herbal or naturalistic supplements, notably ginseng, ginkgo, and vitamin E among others, can also increase bleeding. Oftentimes, patients do not think to tell their physicians about their non-prescription medications.
In general, most spine surgeons have found a low likelihood of needing transfusions for patients undergoing laminectomy alone [6] , with patients who auto-donate blood prior to laminectomy not using their donated blood in 80% of cases. By comparison, patients who had fusions who pre-donated decreased their risk of receiving allogeneic blood by 75% for non-instrumented fusions, and 50% for instrumented fusions. The estimated blood loss (EBL) for these two groups was 674 ml (+/-443 ml) and 1,257 ml (+/-793 ml), respectively. Surgeons fused up to three levels in this patient population, although most of their patients only had one level fused.
Surgical blood loss for lumbar fusion surgery can vary, averaging over 800 ml (range 100-3,100 ml) for non-instrumented fusions to 1,517 ml (range 360-7,000 ml) for instrumented fusions in one study [18] . Other studies have shown comparable findings [2, 4, 7] . Hur et al. [13] looked at a wide range of spinal fusion surgeries and found the average total blood loss to be 1,122 ml, but had one patient whose total blood loss was 3,000 ml for a two-stage surgery.
With increasing numbers of adult deformity surgery being performed, and with greater numbers of levels of fusion required, reports of blood loss in the literature have ranged from less than 1 liter to 3 liters [1, 3, 12, 24, 27, 30] for posterior procedures, with similar results with anterior instrumented procedures [16, 23] , but greater blood loss when osteotomies through prior fusions are performed, ranging from 325 to 4,700 ml [8, 14, 17] .
Autologous blood donation has become increasingly common for elective spine surgery patients and can lead to a decrease in the likelihood of homologous blood exposure [10] . Use of erythropoietin in patients auto-donating for elective orthopedic surgery, in conjunction with iron sulfate supplements, can increase the number of autologous units the patients are able to donate [11] . This study had one patient who was randomized to receive erythropoietin and who developed a peripheral arterial thrombosis. The safety of use of erythropoietin in elective spine patients, particularly if they are to undergo anterior spinal surgery that incurs a higher risk of thromboembolic disease, is not yet established.
Intraoperative blood salvage is another method of decreasing use of homologous blood transfusion during surgery. Simpson et al. [26] found that, for their pediatric and young adult population who also donated autologous blood prior to surgery, this method was efficacious only if the estimated blood loss was greater than 2,000 cc. This group only represented about 10% of their patient population. They did not analyze their patients for risk factors for this greater blood loss.
Nuttall et al.
[21] reviewed their experience in adult patients, including an average of over four levels fused (SD+/-4) and found several factors that resulted in a greater risk of allogeneic blood transfusion, including low preoperative hemoglobin, tumor surgery, increased number of posterior levels fused, history of pulmonary disease, and decreased amount of autologous blood available. In an accompanying article [22] , they applied a "surgical blood order equation" to help the surgical team decide how much blood to order preoperatively. This was an attempt to decrease an excessive setting aside of blood for an individual patient's surgery. They found that the most important preoperative variables were preoperative hemoglobin and whether the patient had had a surgical diagnosis of a tumor.
Zheng et al.
[31] looked at revision lumbar spinal fusions and found that intraoperative blood loss rose statistically in proportion to increasing fusion levels, preoperative hemoglobin, and body weight. They also found male gender, higher body mass index and the presence of degenerative scoliosis to correlate with greater blood loss. Johnson et al. found that instrumentation, multilevel fusion, and combined approaches increased the intraoperative blood loss for lumbar fusions [15] .
Looking at complex adult reconstructive surgery that requires sequential anterior and posterior spinal fusion, Urban et al. [29] found an average intraoperative EBL of 3,556 ml, although he did not give ranges. The average number of levels fused in this study was seven anteriorly and 13 posteriorly. This prospective, randomized study specifically looked at efficacy of the antifibrinolytics Amicar (epsilon-aminocaproic acid [EACA], Lederle, Philadelphia) versus aprotinin (Transylol, Bayer, West Haven, CT, USA) on perioperative blood loss. Although both study groups had less perioperative blood loss than the control group, only in patients receiving aprotinin did this reach statistical significance. Duration of surgery was also correlated with blood loss. Murray, in an accompanying point of view, noted that this decrease was only 20% overall, and the cost of Aprotinin for an 8-h infusion would be $1,000. In addition, aprotinin has been associated with sensitization and anaphylaxis after exposure [9] .
The issues of exposure to allogeneic blood products are certainly a reason to strive to decrease perioperative blood loss. However, there are other consequences of greater surgical blood loss that raise the impact of decreasing EBL. Nahtoma-Shick et al. [20] demonstrated that higher EBL, increased crystalloid administration and total blood administration were all factors that led to increased crystalloid infusion and increased length of stay in the ICU in their patient populations. Additional predictors were age, ASA physical status, surgical procedure (decompression alone, decompression and fusion, complex procedures, and combined anterior/posterior procedures), and total intraoperative crystalloid/platelet administration. Their EBL for patients who stayed in the ICU more than 1 day was 2,702+/-1,771 ml compared with 612+/-480 ml for those who did not require ICU stay.
In summary, spinal fusion surgery can result in significant intraoperative blood loss, with some risk factors predicable and others not. With increasing magnitude and complexity of spinal surgery, surgeons and anesthesiologists should anticipate greater potential blood loss. Although the risks of disease transmission with transfusion S4 have decreased with better testing, greater exposure to homologous blood may increase the length of ICU care. The risk of increased infection, immune system compromise or of transfusion-related acute lung injury may be relatively small, but should be considered important in these patients. 
